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SPECIFICATION 



1 . Title of the Invention 

Alcohol Fuel Cell and Operating Method Therefor 

/ 

2. Claims 

(1) In an alcohol fuel cell in which an air (oxygen) electrode 2 and a fuel electrode 3 are arranged 
opposite each other with an intervening cation exchange membrane 1, the alcohol fuel cell is 
characterized in that the above mentioned fuel electrode 3 comprises a catalyzer layer 18 with which 
the electrolyte is stored and a water repellent layer 17 with which the reaction product gas is exhausted, 
and the above mentioned catalyzer layer 18 is in contact with the cation exchange membrane 1 side, 
and the water repellent layer 17 is disposed on the aqueous alcohol fuel solution 7 side, and is equipped 
with an alcohol fuel container 8 that is connected through to a fuel electrode solution chamber 10 such 
that the above mentioned aqueous alcohol fuel solution 7 can circulate passing through an external flow 
path, and is configured such that the alcohol fuel circulates and is supplied to the fuel electrode solution 
chamber 10 of each cell by the ascending action of the bubble form reaction product gas 9. 

(2) The alcohol fuel cell cited in Claim 1 in which, in the alcohol fuel container 8 that is connected 
through to the fuel electrode solution chamber 10 such that circulation is possible passing through an 
external flow path, the front opening, which is the exhaust orifice 1 1 , is disposed in a location that is 
higher than the exhaust fluid surface 12 such that the above mentioned the product gas 9 that has 
reacted at the above mentioned fuel electrode 3 can easily ascend in the fuel electrode solution chamber 
10. 

(3) The alcohol fuel cell cited in Claim 1 that is furnished with a gas supply system 23 with which, 
together with the ascending action in the above mentioned fuel electrode solution chamber 10 of the gas 
9 that has been produced in a reaction at the fuel electrode 3, a gas 24 is supplied in a bubble form into 
the fuel electrode solution chamber 10 from outside the fuel cell main body and the circulation of the 
aqueous alcohol fuel solution 7 is promoted. 

(a) In an alcohol fuel cell in which an air (oxygen) electrode 2 and a fuel electrode 3 are arranged 
opposite each other with an intervening cation exchange membrane 1, the alcohol fuel cell is 
characterized in that the above mentioned fuel electrode 3 comprises a catalyzer layer 18 with which 
the electrolyte is stored and a water repellent layer 17 with which the reaction product gas 9 is 
exhausted, and the above mentioned catalyzer layer 18 is in contact with the cation exchange 
membrane 1 side, and the water repellent layer 17 is disposed on the aqueous alcohol fuel solution 7 
side, and is equipped with an aqueous alcohol fuel solution container 8 that is connected through to a 
fuel electrode solution chamber 10 such that the above mentioned aqueous alcohol fuel solution 7 can 
circulate passing through an external flow path, and in addition, an aqueous alcohol fuel solution supply 
system 25 is disposed in series or in parallel between the alcohol fuel cell main body and the aqueous 



alcohol fuel solution container 8, and is configured such that the alcohol fuel is supplied to the fuel 
electrode solution chamber 10 of each cell in a combined application with the forced circulation of the 
alcohol fuel. 

(5) In an operating method for an alcohol fuel cell in which an air (oxygen) electrode 2 and a fuel 
electrode 3 are arranged opposite each other with an intervening cation exchange membrane 1, the 
operating method for the alcohol/fuel cell is characterized in that the above mentioned fuel electrode 3 
comprises a catalyzer layer 18 with which the electrolyte is stored and a water repellent layer 17 with 
which the reaction product gas is exhausted, and the above mentioned water repellent layer 17 is 
disposed on the aqueous alcohol fuel solution 7 side, and the reaction product gas passes through the 
water repellent layer 17 and is emitted as the bubble form 9 into the aqueous alcohol fuel solution 7, 
and the aqueous alcohol fuel solution 7 is circulated and is supplied to the fuel electrode solution 
chamber 10 of each cell by the ascending action of the bubble form reaction product gas 9. 

(6) The operating method for an alcohol fuel cell cited in Claim 5 in which the ascending action in the 
fuel electrode solution chamber 10 of the gas 9 that has been produced by the reaction of the alcohol 
fuel at the fuel electrode 3 and the supply of the gas from outside the fuel cell main body in the bubble 
form 24, produces a combined application of the actions that promotes the circulation of the aqueous 
alcohol fuel solution 7, and the aqueous alcohol fuel solution is supplied to the fuel electrode solution 
chamber 10 of each fuel cell. 

(7) In an operating method for an alcohol fuel cell in which an air (oxygen) electrode 2 and a fuel 
electrode 3 are arranged opposite each other with an intervening cation exchange membrane 1, the 
operating method for the alcohol fuel cell is characterized in that the above mentioned fuel electrode 3 
comprises a catalyzer layer 18 with which the electrolyte is stored and a water repellent layer 17 with 
which the reaction product gas is exhausted, and the above mentioned water repellent layer 17 is 
disposed on the aqueous alcohol fuel solution 7 side, and the above mentioned reaction product gas 
passes through the water repellent layer 17 and is emitted in a bubble form into the aqueous alcohol fuel 
solution 7, and there is a combined application of the ascending action of the above mentioned reaction 
product gas in the fuel electrode solution chamber 10 and the circulating action of the aqueous alcohol 
fuel solution 7 in which the aqueous alcohol fuel solution supply system that is disposed in series or in 
parallel between the fuel cell main body and the aqueous alcohol fuel solution container 8 is operated 
continuously or intermittently and alcohol fuel is supplied to the fuel electrode solution chamber 10 of 
each cell. 

3. Detailed Description of the Invention 

Field of Industrial Utilization 

The present invention relates to an alcohol fuel cell with which alcohol is used as the liquid fuel and air 
and oxygen are made the oxidizing agents as well as the improvement of an operating method therefor. 



Prior Art 



For some time, for alcohol fuel cells, there have been alkali types in which an aqueous solution of 
caustic potash is used and acidic types in which an aqueous solution of sulfuric acid is used and there is 
much research of alcohol fuel cells in which the carbon dioxide gas, which is ah alcohol fuel reaction 
product, does not react with the electrolyte. For the supply of the alcohol fuel to the acidic^type alcohol 
fuel cell, a fuel dissolved electrolyte (an anolyte) is circulated passing through each liquid chamber of the 
alcohol fuel cell. There is a circulation type fuel dissolved electrolyte format in which alcohol fuel is 
supplied from the alcohol fuel tajik into the fuel dissolved electrolyte tank that is connected through to 
this in conformance with the amount consumed and the fuel dissolved electrolyte (the anolyte) is 
replenished into each liquid chamber of the alcohol fuel cell. There is also a static type fuel dissolved 
electrolyte format in which the alcohol fuel is supplied directly into each cell's liquid chamber in 
conformance with the amount consumed. Since an aqueous solution of sulfuric acid is used as the 
electrolyte in the former, in those cases where each cell has been laminated, a shunting of the liquid that 
passes through the fuel dissolved electrolyte supply path that is disposed on the bottom in each cell is 
produced and brings about a degradation of the performance of the fuel cell. In addition, the 
corrosiveness of the electrolyte is strong and there are many failures of the electrolyte circulation pump 
and there has been the issue that damage to the fuel cell is also great. Since, with the latter, each cell is 
assembled independently, it is possible to prevent the shunting phenomenon due to the electrolyte but 
the amount of alcohol fuel that is consumed by each cell is not the same and, in addition, supplying the 
alcohol fuel uniformly to each cell's liquid chamber is difficult and there has been the issue that the long 
term operation of the alcohol fuel cell in a stable state is not possible. 

In order to resolve these issues and to further circulate the fuel dissolved electrolyte (the anolyte) in 
each cell by means of the lift effect of the gas produced at the fuel electrode, an alcohol fuel cell in 
which the fuel dissolved electrolyte (the anolyte) in each cell is made independent and shunting by the 
electrolyte is prevented has been proposed (Japanese Unexamined Patent Application Publication 
(Kokai) Number Sho 61-271753). In addition, there is also a proposal to provide a fuel dissolved 
electrolyte (an anolyte) reservoir, detecting the concentration of the fuel in the fuel dissolved electrolyte 
(the anolyte), supplying an appropriate amount of alcohol fuel to the fuel dissolved electrolyte (the 
anolyte), then sufficiently mixing and supplying this to each cell, but it is considered that complicated 
operation would be necessary (Japanese Unexamined Patent Application Publication (Kokai) Number 
Sho 62-229770). 

Problems of Prior Art To Be Addressed by the Invention 

With the configurations of the past, because the alcohol fuel dissolved electrolyte (the alcohol dissolved 
aqueous sulfuric acid solution) that is in the liquid chambers of each of the cells of the alcohol fuel cell is 
circulated by means of the reaction production gas, there are cases in which the aqueous sulfuric acid 
solution, which is highly corrosive, leaks out or scatters to the outside and there are problems such as 
those from the standpoint of safety and that other equipment is corroded. In addition, due to the 
relationship with the concentration (the specific gravity) of the aqueous sulfuric acid solution that is in 
each of the liquid chambers of the cells of the alcohol fuel cell, the ascending speed of the reaction 
product gas is not necessarily rapid and in those cases where a current density is produced, cells in 
which there is an insufficient supply of the alcohol fuel arise and the life of the fuel cell is shortened. 



On the other hand, in order to supply the electrolyte in which the alcohol fuel has been dissolved such 
that the fuel contacts the catalyst of the fuel electrode in the fuel cell's liquid chamber, the alcohol fuel 
also comes into contact with the air (oxygen) electrode and there is an action that tends to lower the 
potential of the air (oxygen) electrode. The greater this amount becomes, the lower the performance of 
the air (oxygen) electrode. Accordingly, the extraordinarily accurate control of the alcohol fuel 
concentration is necessary and this leads to such problems as increased cost for the addition of a 
complicated alcohol fuel supply System. 

Therefore, focusing on circulating by means of the reaction product gas only a non-corrosive and highly 
safe aqueous alcohol fuel solution, the object is to make the structure of the fuel electrode 3 a two-layer 
one with a catalyzer layer and a water repellent layer, have the reaction product gas emitted from the 
water repellent layer side and make a configuration in which the alcohol fuel flows and circulates in each 
fuel cell's liquid chamber of the fuel cell due to the ascending action of the reaction product gas. In 
addition, in order to further promote the ascending action of the reaction product gas, establish in 
parallel both a gas supply system and an aqueous alcohol fuel solution supply system as a supplemental 
means and obtain an alcohol fuel cell that has superior characteristics operated continuously or 
intermittently and that is, moreover, highly safe as well as an operating method for it. 

Measures To Solve the Problems of Prior Art 

In order to resolve these issues, the present invention is one with which in an alcohol fuel cell in which 
an air (oxygen) electrode 2 and a fuel electrode 3 are arranged opposite each other with an intervening 
cation exchange membrane 1, a configuration in which the above mentioned fuel electrode 3 comprises 
a catalyzer layer 18 with which the electrolyte is stored and a water repellent layer 17 with which the 
reaction product gas is exhausted, and the catalyzer layer 18 is in contact with the cation exchange 
membrane 1 side, and the water repellent layer 17 is disposed on the aqueous alcohol fuel solution 7 
side, and is equipped with an alcohol fuel container 8 that is connected through to a fuel electrode 
solution chamber 10 such that the above mentioned aqueous alcohol fuel solution 7 can circulate 
passing through an external flow path (the direction of the arrows), such that the alcohol fuel circulates 
to the fuel electrode solution chamber 10 of each cell by the ascending action of the reaction product 
gas 9, as well as an operating method therefor are obtained. 

Associated with this, the front opening, which is the exhaust orifice 1 1, is disposed in a location that is 
higher than the exhaust fluid surface 12 such that the product gas 9 that has reacted at the above 
mentioned fuel electrode 3 can easily ascend in the fuel electrode solution chamber 10. Moreover, the 
invention is one with which a configuration that is furnished with a gas supply system 23 having an action 
with which the circulation of aqueous alcohol fuel solution 7 is promoted and an operating method 
therefor are obtained. 

As the next invention, the invention is one with which a configuration that is furnished with an aqueous 
alcohol fuel solution supply system 24 that is in series or in parallel between the alcohol fuel cell main 
body and the aqueous alcohol fuel solution container 8 and with which there is a combined application 
of a forced circulation action for the alcohol fuel in addition to the ascending action of the reaction 



product gas in the above mentioned fuel electrode solution chamber 10 and an operating method 
therefor are obtained. 

Action 

By means of this kind of configuration and operating method, since only the aqueous alcohol fuel 
solution that does not include the/electrolyte is circulated and supplied to the fuel electrode in the liquid 
chamber, even if, for a time, there is leakage to the outside, there is no damage done to the peripheral 
equipment (corrosion due to the electrolyte) and safety during operation is extraordinarily high. 

In addition, since the specific gravity of the aqueous alcohol fuel solution is lower than that of the acidic 
electrolyte (the anolyte), the effect of the ascending action of the reaction product gas is great and the 
alcohol fuel is supplied in compliance with the load and with a uniform distribution. 

With regard to the fuel electrode, because there is no need to strictly control the alcohol concentration 
since the alcohol fuel is suppled to the water repellent layer side of the fuel electrode, the adjustment of 
the fuel concentration is extraordinarily simple. In particular, in those cases where a high load is 
established, by means of the arrangement of an air pump or a liquid supply pump and the like as a 
means to assist the alcohol fuel supply, the invention possesses an action that progresses with good 
efficiency. Since the alcohol is supplied uniformly in each cell even under high loads, in those cases 
where the fuel cell has been laminated, there is an action that extends the cell characteristics and the cell 
life. 

Since a supplemental system is used in parallel with the natural circulation supply format and operated 
continuously or intermittently, the power consumption of the supplemental equipment is low and the 
amount of fuel consumed is reduced, and together with this, it is possible to improve the cell 
characteristics and reliability. 

Preferred Embodiments of the Invention 

A further detailed explanation will be given below by means of preferred embodiments. 
Preferred Embodiment 1 

As one example, the fuel electrode and the air electrode that comprise the alcohol fuel cell were 
produced while referring to Japanese Examined Patent Application Publication (Kokoku) Number Sho 
63-1 15794. The configuration of the alcohol fuel cell in which the air electrode and the fuel electrode 
have been used with an intervening cation exchange membrane (a Nafion membrane manufactured by 
Dupont) is shown in Fig. 1 . In addition, an expanded structural portion of the fuel cell is shown in Fig. 
2. In Fig. 1, the air electrode 2 and the fuel electrode 3 are disposed with the cation exchange 
membrane 1 interposed between them, the air, which is the oxidizer, enters through the air supply 
orifice 4, passes through the gas chamber 5, and is exhausted through the air exhaust orifice 6. On the 
other hand, the alcohol fuel, which is the reducing agent, is mixed with water, and stored in the aqueous 



alcohol fuel solution container 8 as the aqueous alcohol fuel solution 7. The alcohol fuel is reacted, the 
gas 9 (primarily carbon dioxide gas) that has been produced ascends in the fuel electrode solution 
chamber 10, and is exhausted from the exhaust orifice 1 1 of the fuel electrode solution chamber 10 
together with the aqueous alcohol fuel solution 7. The front opening, which is the exhaust orifice 1 1, is 
disposed above the exhaust fluid surface 12 such that the reaction product gas 9 can easily ascend in 
the fuel electrode solution chamber 10. The aqueous alcohol fuel solution that has come out from the 
exhaust orifice is once more recirculated to the aqueous alcohol fuel solution container 8. The alcohol 
fuel is replenished from the fuel solution fill orifice 13 in conformance with the amount that has been 
consumed. The air electrode 2 is attached to the positive terminal 14 and the fuel electrode 3 is 
attached to the negative terminal 15. Next, as is shown in Fig. 2, in the air electrode 2, the platinum 
catalyst carrier carbon material with the interposed conductive porous substrate (carbon paper) 16 is 
comprised, the fuel electrode 3 comprises the water repellent layer 17 and the catalyzer layer 18, and in 
the catalyzer layer 18, the carbon material with which the platinum-ruthenium catalyst is comprised, and 
is in close contact with the cation exchange membrane 1 side. The water repellent layer 17 of the fuel 
electrode 3 is disposed on the aqueous alcohol fuel solution 7 side. By means of this kind of 
configuration, while the alcohol fuel is circulated in the direction of the arrows between both, in the 
aqueous alcohol fuel solution container 8 that is connected through to the fuel electrode solution 
chamber 10 of the alcohol fuel cell, the alcohol fuel and the oxygen (the air) in the gas chamber 6 cause 
an electrochemical reaction and it is possible to generate electricity in accordance with the following 
reaction formulas. Methanol is used as the alcohol fuel in the present invention. 

Air electrode: 6H + + 3/20 2 + 6e' 3H 2 0 (1) 
Fuel electrode: CH 5 OH + H 2 0 -> C0 2 + 6H + + 6e' (2) 
Full reaction: CH 5 OH +3/20 2 -+ C0 2 + 2H 2 0 (3) 

As can be understood from formulas (2) and (3), the carbon dioxide gas, which is a reaction product, 
passes through the water repellent layer 17 of the fuel electrode 13 [sic], becomes the bubble form 9, 
and is emitted into the aqueous alcohol fuel solution 7. When the bubble form 9 carbon dioxide gas 
ascends, the alcohol fuel also moves and it is possible to circulate the alcohol fuel in conformance with 
the load. In particular, since this is in an aqueous alcohol fuel solution that has a low specific gravity, the 
distribution is uniform in the fuel electrode solution chamber 10 and, moreover, circulation with a high 
ascending speed is possible. 

Preferred Embodiment 2 

A conceptual drawing of an alcohol fuel cell of a laminated type structure having a configuration in 
which an air electrode 2 and a fuel electrode 3 in accordance with the same production method as in 
Preferred Embodiment 1 are used with a cation exchange membrane 1 (a Nafion membrane 
manufactured by Dupont) interposed between the two electrodes is shown in Fig. 3. An expanded 
structural portion of the laminated cell is shown in Fig. 4. In Fig. 3, the aqueous alcohol fuel solution 
container 8 that stores the aqueous alcohol fuel solution 7 containing the alcohol fuel, which is a 
reducing agent, is connected through to the fuel electrode solution chamber 10 of each cell of the 
laminated fuel cell main body 19 via an aqueous alcohol fuel solution distribution orifice 20 and an 



exhaust orifice 1 1 . The front opening, which is the exhaust orifice 1 1 of each cell, is disposed above the 
exhaust fluid surface 12 such that the alcohol fuel easily passes through and is circulated through the fuel 
electrode solution chamber 10 of each cell due to the ascending action of the reaction product gas 9. 
The aqueous alcohol fuel solution 7 that comes out from the exhaust orifice 1 1 is recirculated once 
again to the aqueous alcohol fuel solution container 8. The alcohol fuel is replenished from the fuel 
solution fill orifice 13 in conformance with the amount that has been consumed. The alcohol fuel cell has 
been configured such that the air/which is an oxidizer, is supplied from the fuel cell side window and 
exhausted from the side window on the opposite side and the top surface window. Next, as is shown in 
Fig. 4, the cell is configured as a single unit with the air electrode 2, the cation exchange membrane 1, 
the fuel electrode 3, the solution chamber 10, the separation plate 21, the gas (air) chamber 5, the air 
electrode 2, and the cation exchange membrane 1 in order from the left. By means of this kind of 
configuration, while the alcohol fuel in the aqueous alcohol fuel solution container 8 (for example, a "U" 
shaped container) that is connected through to the fuel electrode solution chamber 10 of each cell of the 
laminated type alcohol fuel cell is circulated between both in the direction of the arrows, an 
electrochemical reaction of the alcohol fuel and the air (the oxygen) is brought about and it is possible to 
impose a load continuously. 

Preferred Embodiment 3 

A laminated type alcohol fuel cell having a configuration in which an air electrode 2 and a fuel electrode 
3 in accordance with the same production method as in Preferred Embodiment 1 are used with a cation 
exchange membrane 1 (a Nafion membrane manufactured by Dupont) interposed between the two 
electrodes is shown in Fig. 5. In accordance with Fig. 5, this is a configuration and an operating method 
with which the branching tube 22 having a bubble supply orifice is disposed in the vicinity of the bottom 
section of the "U" type aqueous alcohol fuel solution container 8 facing toward the fuel electrode 
solution chamber 10 in order to supply the bubbles 24 to the fuel electrode solution chamber 10 of each 
of the cells of the alcohol fuel cell by means of the operation of the gas supply system (an air supply 
pump) 23 that are used in parallel with the bubbles 9, which are the reaction product gas, to supply the 
aqueous alcohol fuel solution 7 to the fuel electrode solution chamber 10 of each of the cells. Other than 
this configuration and operating method, the cell is made completely with the same configuration as that 
of preferred embodiment 2. 

Preferred Embodiment 4 

A laminated type alcohol fuel cell having a configuration in which an air electrode 2 and a fuel electrode 
in accordance with the same production method as in Preferred Embodiment 1 are used with a cation 
exchange membrane 1 (a Nafion membrane manufactured by Dupont) interposed between the two 
electrodes is shown in Fig. 6. In accordance with Fig. 6, the aqueous alcohol fuel solution supply 
system 25 (a liquid pump) is disposed in the vicinity of the lower portion of the "U" type aqueous 
alcohol fuel solution container 8 in series between the container that is divided in two. This is a 
configuration and an operating method with which, by means of this structure, due to the combined 
application of the ascending action of the bubbles 9, which are the reaction product gas, of the fuel 
electrode solution chamber 10 and the aqueous alcohol fuel solution 7 circulating action from the 



operation of the liquid pump 25, the aqueous alcohol fuel solution 7 is supplied to the fuel electrode 
solution chamber 10 of each cell. Other than this configuration and operating method, the cell is made 
completely with the same configuration as that of preferred embodiment 2. 

Preferred Embodiment 5 

A laminated type alcohol fuel cell having a configuration in which an air electrode 2 and a fuel electrode 
3 in accordance with the same production method as in Preferred Embodiment 1 are used with a cation 
exchange membrane 1 (a Nafion membrane manufactured by Dupont) interposed between the two 
electrodes is shown in Fig. 7. In accordance with Fig. 7, the aqueous alcohol fuel solution supply pump 
25, which is a joint supply system in parallel with the aqueous alcohol fuel solution 7 flow path in the 
container that is divided in two, is disposed in the vicinity of the lower section of the aqueous alcohol 
fuel solution container 8. 

This is a configuration and an operating method with which, by means of this structure, due to the 
combined or independent application of the ascending action of the bubbles 9, which are the reaction 
product gas, of the fuel electrode solution chamber 10 and the aqueous alcohol fuel solution 7 
circulating action from the operation of the aqueous alcohol fuel solution supply pump 25, the aqueous 
alcohol fuel solution 7 is supplied to the fuel electrode solution chamber 10 of each cell. 

In particular, in those cases where a large load is placed on the fuel cell, there is a combined application 
of the aqueous alcohol fuel solution supply pump 25 operation and the amount of alcohol fuel supplied 
is increased. When the load is small, the operation of the aqueous alcohol fuel solution supply pump 25 
is halted and power consumption other than that of the load is reduced. Instead of the aqueous alcohol 
fuel solution supply pump 25, the same effect may be obtained with a system such as the vane type 
rotating drive system 25' like that shown in Fig. 8. Other than this configuration and operating method, 
the cell is made completely with the same configuration as that of preferred embodiment 2. 

A "U" type aqueous alcohol fuel solution container such as that cited in the drawings is used for 
preferred embodiments 2 through 5 but, in short, one with a structure with which the circulation of the 
alcohol fuel in the fuel electrode solution chamber of the alcohol fuel cell is facilitated is desirable. The 
flow path for the alcohol fuel that is supplied from the bottom of the fuel electrode solution chamber 10 
may also be in the main body of the fuel cell. In other words, it may also be a branching aqueous 
alcohol fuel solution distribution tube. 

Comparative Example 

A conventional type fuel cell is shown in Fig. 9 as a comparative example. A cross-section along a-a* of 
Fig. 9 is shown in Fig. 10. In Fig. 9, the anolyte flow paths 29 and 29' are disposed between the fuel 
cell main body 27 and the barrier walls 28 and 28 ? ; the anolyte flows in the direction of the arrows from 
the bottom surface section of the cell frame 30 and is exhausted from the anolyte exhaust hole 31. The 
exhaust hole 3 1 is disposed in a location that is higher that the anolyte solution surface and the alcohol 
fuel is supplied to the alcohol fuel cell solution chamber from the fuel supply paths 33 and 33\ The cell 



is configured such that the alcohol fuel is supplied to the fuel electrode while the anolyte is circulated in 
the direction of the arrows. 

In Fig. 10, the configuration in the cell frame comprises the solution chamber 34, the fuel -electrode 35, 
the cation exchange membrane 36, and the air electrode 37. The fuel electrode has a structure in which 
the platinum catalyst is carried by carbon powder and the air electrode is a mixture of carbon powder, 
which carries the platinum catalyst and a water repellent agent, and these are formed into single units 
with the application of pressure. 

The characteristics of the alcohol fuel cell in accordance with the configuration and operating method of 
this working example is shown in Table 1. A 3 M concentration aqueous methanol solution was used 
and 1.5 M sulfuric acid was impregnated on the catalyzer layer as the measured conditions. The 
measured temperature was 60 °C and the amount of air was made five times or more than the 
theoretical value. For the comparative example, a 3 M concentration solution of sulfuric acid for a 
methanol concentration of methanol (an anolyte) was used and all the other conditions were made the 
same as those of preferred embodiments 1 through 5. The terminal voltages for each current density 
were compared for the preferred embodiments and the conventional example. 





30 mA/cm 2 


60 mA/cm 2 


100 mA/cm 2 


Preferred embodiment 
1 


0.57 V 


0.40 V 


0.34 V 


Preferred embodiment 
2 


0.55 V 


0.395 V 


0.33 V 


Preferred embodiment 
3 


0.55 V 


0.39 V 


0.35 V 


Preferred embodiment 
4 


0.56 V 


0.41 V 


0.365 V 


Preferred embodiment 
5 


0.56 V 


0.41 V 


0.365 V 


Comparative example 


0.54 V 


0.38 V 


0.30 V 



With the operation of the fuel cell of the present invention, in preferred embodiments 1 through 5, the 
mean cell voltage for each current was 0.55 to 0.57 V for a current density of 30 mA/cm 2 , 0.39 to 0.41 
V for a current density of 60 mA/cm 2 , and 0.33 to 0.365 V for a current density of 100 mA/cm 2 and 
for the voltage difference, there was a gradual increase of 0.02 V, 0.03 V, and 0.035 V respectively. A 
large difference was not ascertained. In contrast to this, with the fuel cell of the past in the comparative 
example, the voltage was 0.01 V to 0.03 V for a current density of 30 mA/cm 2 , 0.01 to 0.03 V for a 
current density of 60 mA/cm 2 , and 0.03 to 0.065 V for a current density of 100 mA/cm 2 and the 
voltage is low compared to the fuel cell of the present invention. In particular, the higher the current 



density becomes, the greater is that tendency exhibited. Even compared to the fuel cell of preferred 
embodiment 2, a higher voltage of from 0.01 to 0.03 V is exhibited depending on the current density. It 
is thought that the reason for this is that, due to the fact that there is a difference in specific gravity of the 
electrolyte and water, the buoyancy of the reaction product gas (the carbon dioxide gas) apparently 
works to lift the water, which has a lower specific gravity, more and, in order to make the circulation of 
the alcohol fuel faster, the potential of the fuel electrode is increased and a difference in the cell voltage 
becomes manifest. That tendency/becomes especially strong when the current density is high. 

Among these preferred embodiments also, even when a single cell and a laminated cell are compared, 
since the conductivity of the aqueous alcohol fuel solution is lower than the conductivity of the anolyte, 
the cell voltage due to the solution shunting is extraordinarily slight. This fact can be understood well 
when looking at preferred embodiment 1 and preferred embodiment 2. Accordingly, by means of the 
lamination, the self power consumption is extremely small and the advantages from a practical 
standpoint are great. With this laminated type fuel cell, a large voltage difference is not observed at a 
low current density but when the current density becomes high, the circulation of the alcohol fuel using 
only the ascending action of the reaction product gas becomes insufficient. In other words, the supply of 
the alcohol fuel to the fuel electrode in conformance with the load is deficient. Therefore, when bubbles 
are sufficiently supplied by the air pump in the solution chamber 8 of the fuel electrode in order to 
eliminate this phenomenon, the circulation of the aqueous alcohol fuel solution is facilitated and an 
increase of the fuel cell voltage is observed. In addition, when the circulation of the aqueous alcohol fuel 
solution is carried out supplementarily with an aqueous alcohol fuel solution supply pump, the voltage of 
the fuel cell at a high current density is increased. By means of the supplemental use of an air supply 
pump or an aqueous alcohol fuel solution supply pump and the like in conformance with the load, the 
fuel cell is not damaged and it is possible to obtain a long lived and high performance fuel cell. 
Continuously or intermittently carrying out the operation of the air supply pump and the aqueous 
alcohol fuel solution supply pump as required, it is possible to reduce the power consumption of the 
supplemental system and to raise the electric generating efficiency of the alcohol fuel cell system. 

In addition, since the fuel cell of the present invention circulates alcohol (methanol) and water, even if 
there is leakage of the solution for a time to the outside, there is no damage to the equipment. However, 
with a fuel cell of the past, since sulfuric acid is used in the anolyte, the damage to the equipment is great 
and the fuel cell of the present invention is also superior from the standpoint of the corrosive properties. 

In these preferred embodiments, an air supply pump is used as the gas supply system but if it is a 
compressed gas or other gas generating system, the same effect can be obtained with any of them. In 
addition, an aqueous alcohol fuel solution supply pump is used as the aqueous alcohol fuel solution 
supply system but any generally used liquid supply system may be employed. In these preferred 
embodiments, air is used as the oxidizer but although, when an oxidizing gas is used, the economic 
properties are degraded, an alcohol fuel cell of increased performance can be obtained. 

Methanol is used as the reducing agent but other alcohols such as ethanol and the like may also be 
used. However, methanol has the most superior characteristics. 



It is configured such that the air, which is the oxidizer, is supplied from the side of the fuel cell and is 
exhausted from the opposite side or the top, however, it may be configured such that the air may be 
supplied from the bottom of the fuel cell and exhausted from the top. In addition, due to the fact that the 
front opening, which is the aqueous alcohol fuel solution exhaust orifice, is disposed above the exhaust 
fluid surface, the aqueous alcohol fuel solution in the fuel electrode solution chamber is more easily 
circulated with good efficiency. The state in which the bubbles collect in the fuel electrode solution 
chamber and the alcohol fuel distribution becomes non-uniform is eliminated. Accordingly, since the 
alcohol fuel is distributed uniformly, the life of the fuel cell is increased and its reliability is also superior. 

Advantageous Result of the Invention 

As described above, in accordance with the present invention, the advantageous result is obtained that 
it is possible to present an alcohol fuel cell and an operating method therefor with which, since the 
aqueous alcohol fuel solution is circulated, safety is high, a high voltage can be maintained even at a high 
current density, power consumption by auxiliary equipment is low, and there is little degradation of the 
cell performance at a high degree of efficiency even with long term power generation. 

4. Brief Description of the Drawings 

Fig. 1 depicts the configuration of an alcohol fuel cell; 

Fig. 2 depicts an expanded view of a portion of the fuel electrode of Fig. 1; 

Fig. 3 depicts the laminated structure of an alcohol fuel cell; 

Fig. 4 depicts an expanded view of a portion of a laminated fuel cell; 

Fig. 5 depicts the structure of a laminated type alcohol fuel cell that has been furnished with a gas 
supply system; 

Fig. 6 depicts the structure of a laminated type alcohol fuel cell that has been furnished with an aqueous 
alcohol fuel solution supply pump; 

Fig. 7 depicts the structure of a laminated type alcohol fuel ceil that has been furnished with an aqueous 
alcohol fuel solution supply pump in parallel with the flow path; 

Fig. 8 depicts another example of an aqueous alcohol fuel solution supply system; 

Fig. 9 depicts the structure of an alcohol fuel cell of the past; and 

Fig. 10 is a cross-section drawing along a-a' of Fig. 9. 
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1 : cation exchange membrane 

3: fuel electrode 

7: aqueous alcohol fuel solution 

8: aqueous alcohol fuel solution container 

9: reaction product gas (bubble form) 

10: fuel electrode solution chamber 

1 1 : exhaust orifice / 

12: exhaust fluid surface 

1 7 : water repellent layer 

18: catalyzer layer 

22: branching tube 

23: air supply pump 

24: bubbles that are supplied by the air supply pump 

25: aqueous alcohol fuel solution supply pump 

26: aqueous alcohol fuel solution flow path 
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Fig. 1 

1 : cation exchange membrane 

2: air electrode 

3: fuel electrode 

4: air supply orifice 

5: gas chamber 

6: air exhaust orifice 

7: aqueous alcohol fuel solution 

8: aqueous alcohol fuel solution container 

9: reaction product gas 

10: fuel electrode solution chamber 

1 1 : aqueous alcohol fuel solution exhaust orifice 

1 2 : exhaust fluid surface 

1 3 : alcohol fuel fill orifice 

14: positive terminal 

1 5 : negative terminal 

[arrow above 4] air 

Fig. 2 

1 6 : conductive porous substrate 

1 7 : water repellent layer 

18: catalyzer layer 

Fig. 3 

20: aqueous alcohol fuel solution distribution orifice 



[right side arrows] air 
Fig. 4 

21: separation plate 
Fig. 5 

22: branching tube / 
23 : air supply system 
24: bubbles 
[arrow above 23] air 

Fig. 6 

25: aqueous alcohol fuel solution supply system 
Fig. 7 

26: aqueous alcohol fuel solution flow path 
Fig. 8 

25': vane type rotating drive system 
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(54) ALCOHOLIC FUEL BATTERY AND OPERATING METHOD THEREOF 
(57)Abstract 

PURPOSE To improve the safety and maintain the 
high voltage even at the high current density and 
reduce the demand of the auxiliary machine and 
reduce the lower of the battery performance at the 
time of generating electricity for a long time with the 
high efficiency by forming a fael electrode with a 
catalyzer layer for storing the electrolyte and a water 
repellent layer for exhausting the reaction product 
gas, and circulating the alcoholic fuel aqueous 
solution. 

CONSTITUTION: A fuel electrode 3 consists of a 
catalyzer layer 1 8 for storing the electrolyte and a 
water repellent layer 17 for exhausting the reaction 
product gas, and the catalyzer layer 18 contacts to 
the cation exchange membrane 1 side the water 
repellent layer 17 is located at the alcoholic fuel 
aqueous solution 7 side. The fuel electrode also 
comprise an alcoholic fuel aqueous container 8 for 
communicating a fuel electrode solution chamber 10 

and an external passage so that the alcoholic fuel aqueous solution can circulate through 
them, and is formed so that the alcoholic fuel is circulated through the fuel electrode 
solution chamber 8 of each cell by the ascending work of the reaction product gas 9. 
Thereby, since the alcoholic fuel aqueous solution 7 which does not include the electrolyte is 
circulated to be supplied into the solution chamber 10 of the fuel electrode 3 t even if the 
liquid spill to the outside is generated, the peripheral equipment is not damaged, and safety 
during the operation is sharply improved. 
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